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MULTI-OPTICAL AXIS PHOTOELECTRIC SENSOR 

Background of the Invention 

1, Field of the Invention 
5 The present invention relates to a multi-optical axis 

photoelectric sensor configured by light projecting and 
receiving units each of which is formed by disposing a 
plurality of optical elements in a line. 

10 2. Description of the Related Art 

For example, a multi-optical axis photoelectric 
sensor is used in order to form a safety light curtain 
around a press machine. The multi-optical axis 
photoelectric sensor is configured by a light projecting 

15 unit and a light receiving unit each of which is formed 
by disposing a plurality of optical elements in a line. 
The light projecting unit and the light receiving unit 
are disposed opposite to each other so that light beams 
projected from respective light projecting elements of 

20 the light projecting unit are received by the corresponding 
light receiving elements of the light receiving unit, 
respectively. For example, when a worker shields a part 
of the light curtain, a light shielding signal is outputted 
from the multi- optical axis photoelectric sensor, whereby 

25 the press machine is immediately stopped during its 
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operation. 

A multi-optical axis photoelectric sensor disclosed 
in JP-A-2000-251595 is arranged in a manner that a circuit 
board is disposed at the rear surface of the optical 
5 elements, and a screw is inserted into a first hole formed 
in an optical block and also into a second hole formed 
in a casing corresponding to the first hole to thereby 
perform relative positioning between the casing and the 
optical block. Two sets each formed by the optical block 

10 and the circuit board disposed at the rear surface thereof 
are housed within the casing and these two circuit boards 
are electrically coupled by a flat cable. 

A multi-optical axis photoelectric sensor disclosed 
in JP-A-2001-135208 is arranged in a manner that a board 

15 housed within a casing is formed by laminating a base board 
and a photoelectric element board. Further, a circuit 
to be coupled to the respective optical elements and on 
which the optical elements are disposed in a line is printed 
on the photoelectric element board. Resistors, 

20 capacitors and transistors are mounted on one surface of 
thebaseboardwhichis opposite to the other surface facing 
on the photoelectric element board. In the photoelectric 
element board, two positioning holes are formed so as to 
be separated from each other. Further , two bosses capable 

25 of being inserted into these two positioning holes are 
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formed in the optical block, whereby the bosses and the 
positioning holes perform the relative positioning 
between the optical block and the photoelectric element 
board. A first hole for positioning with respect to the 
5 casing is formed in the optical block and a second hole 
corresponding to the first hole is formed in the casing, 
whereby a screw is inserted into the first and second holes 
to thereby perform the relative positioning between the 
optical block and the casing. 

10 According to the inventions disclosed in the aforesaid 

publications, the multi-optical axis photoelectric sensor 
having many optical axes can be formed by providing plural 
units each formed by the optical block and the 
photoelectric element board disposed at the rear surface 

15 thereof. However, a pitch between the end optical axis 
of one of the units and the end optical axis of another 
of the units varies depending on where the screw is fastened. 
It is important for the multi-optical axis photoelectric 
sensor to keep the distance (pitch) between the respective 

20 adjacent optical axes constant. In particular, when the 
pitch is set to be as short as possible in order to enhance 
the detection ability, it is important to keep the pitch 
constant . 

25 Summary of the Invention 
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Accordingly, an object of the invention is to provide 
a multi- optical axis photoelectric sensor which can easily 
keep a pitch constant between respective adjacent optical 
elements contained within the multi-optical axis 
5 photoelectric sensor. 

According to the invention, the aforesaid object is 
attained by providing the multi-optical axis 
photoelectric sensor comprising: 

a main element holder including a plurality of light 
10 guide housings, which are disposed in a line with a same 
interval and into each of which an optical element is fit, 
the main element holder having an engagement portion; and 

an additional element holder including a plurality 
of light guide housings, which are disposed in a line with 
15 a same interval and into each of which an optical element 
is fit, the additional element holder having an engagement 
portion capable of mechanically engaging and disengaging 
the engagement portion of the main element holder, 

wherein the main element holder and the additional 
20 element holder are positioned in a state that the plurality 
of the light guide housings of the additional element 
holder and the plurality of the light guide housings of 
the main element holder are disposed in a line when the 
additional element holder is engaged with the main element 
25 holderbythe engagement portions of the additional element 
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holder and the main element holder. 

That is, according to the invention, the main element 
holder and the additional element holder are mechanically 
coupled to each other while securing the relative 
5 positioning between the main element holder and the 
additional element holder by means of the engagement 
portions. Therefore, the pitch between the optical 
element at the end portion of the main element holder and 
the adjacent optical element at the end portion of the 

10 additional element holder is constant. Various types can 
be considered as the engagement portion which can secure 
such a relative positioning. In contrast, so long as each 
of the main element holder and the additional element 
holder is formed by a resin mold member, it is easy to 

15 form the engagement portions with a high accuracy, and 
the optical elements contained in the main element holder 
and the additional element holder are placed in a state 
of being disposed in a line with the same interval after 
the main element holder and the additional element holder 

20 are engaged with each other. 

When the aforesaid engagement portion is formed at 
each of the one end and the other end of the additional 
element holder, a plurality of the additional element 
holders can be mechanically coupled to each other, and 

25 the number of optical axes can be increased by increasing 
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the number of the additional element holders. 

Brief Description of. the Drawings 

Fig. 1 is a perspective view for explaining the outer 
5 appearance of a multi-optical axis photoelectric sensor 
according to an embodiment of the invention; 

Fig. 2 is a sectional view of the configuration of 
a case main body which is an extrusion mold member of the 
multi-optical axis photoelectric sensor according to the 
10 embodiment; 

Fig. 3 is a partial diagram for explaining a state 
where an external connector is coupled with an internal 
connector provided at the end portion of the multi-optical 
axis photoelectric sensor according to the embodiment; 
15 Fig. 4 is a diagram for explaining as an example that 

the multi-optical axis photoelectric sensors according 
to the embodiment can be coupled in series and parallel 
to each other; 

Fig. 5 is an exploded perspective view for explaining 
20 the basic inner unit of a light projecting unit; 

Fig. 6 is a front view of a light projecting element 
which outer configuration is formed by resin; 

Fig. 7 is a side view of the light projecting element 
seen from an arrow VII direction in Fig. 6; 
25 Fig. 8 is a side view of the light projecting element 
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seen from an arrow VIII direction in Fig. 6; 

Fig. 9 is a sectional view for explaining a state that 
the light projecting element is fit into and hooked with 
a hole formed at the rear end of each of the induction 
5 light tubes of the element holder of the light projecting 
unit; 

Fig. 10 is a rear view for explaining the light 
projecting element engaged by a hook formed at the rear 
end of each of the induction light tubes of the element 
10 holder of the light projecting unit; 

Fig. 11 is an exploded perspective view for explaining 
the basic inner unit of a light receiving unit; 

Fig. 12 is a side view of a light receiving element 
which outer configuration is formed by resin; 
15 Fig. 13 is a front viewof the light receiving element; 

Fig. 14 is a sectional view for explaining a state 
that the light receiving element is fit into and engaged 
by a retaining member with a hole formed at the rear end 
of each of the induction light tubes of the element holder 
20 of the light receiving unit; 

Fig. 15 is a rear view for explaining the light 
receiving element engaged by a retaining member formed 
at the rear end of each of the induction light tubes of 
the element holder of the light receiving unit; 
25 Fig. 16 is a rear viewof the additional element holder 
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of the light projecting unit; 

Fig. 17 is a side view of the additional element holder 
of the light projecting unit; 

Fig. 18 is a diagram showing a process of coupling 
5 an additional unit formed by an additional element holder 
and a light projecting additional board disposed at the 
rear surface thereof with a basic unit formed by a main 
element holder of the light projecting unit and a light 
projecting main board disposed at the rear surface thereof; 
10 Fig. 19 is a diagram for explaining the electric 

coupling between the light projecting main board and the 
light projecting additional board of the light projecting 
unit; 

Fig. 20 is a diagram for explaining the electric 
15 coupling between the light receiving control board, the 
light receiving amplifying board and the light receiving 
additional board of the light receiving unit; 

Fig. 21 is a circuit diagram of the multi -optical axis 
photoelectric sensor containing two additional units 
20 therein, for example; 

Fig. 22 is a diagram for explaining the configuration 
for connecting with an external connector by bypassing 
the additional unit by using an extension harness; and 
Fig. 23 is a diagram for explaining a modified example 
25 of the coupling structure for the holder. 
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Detailed Description of the Invention 

In the preferred embodiment of the invention, when 
the optical element is configured in an arbitrary shape 
by using resin and the coupling terminal of the optical 
element is configured to extend backward from the rear 
surface thereof, for example, it is preferable to dispose 
a circuit board along the rear surfaces of the main element 
holder and the additional element holder and to couple 
the coupling terminals of the optical elements to the 
circuit board. This circuit board is preferably separated 
into a circuit board adjacent to the main element holder 
and an additional circuit board adjacent to the additional 
element holder. 

When the coupling terminal of the optical element is 
configured to extend outward from the side surface thereof, 
it is preferable to dispose the circuit board along the 
induction tubes of the main element holder and the 
additional element holder and to couple the coupling 
terminals of the optical elements to the circuit board. 
This circuit board is also preferably separated into a 
circuit board adjacent to the main element holder and an 
additional circuit board adjacent to the additional 
element holder. 

It is preferable to prepare a control board including 
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a control circuit etc. in addition to the circuit board 
to which the optical elements are coupled and to dispose 
the control board adjacent to the main element holder. 
The circuit board, the control board and the 
5 additional circuit board are preferably engaged 

mechanically by using hooks, for example, in a state where 
these boards are positioned in the main element holder 
and the additional element holder. Thus, the main element 
holder and the additional element holders can be housed 

10 within a casing in a state where the circuit board etc. 
are assembled to the element holder and also in a state 
where the additional element holders are coupled to each 
other, whereby the assembling procedure of the 
multi-optical axis photoelectric sensor can be 

15 facilitated. 
[Embodiments ] 

Fig. 1 is a perspective view of the multi-optical axis 
photoelectric sensor according to an embodiment of the 
invention. In the multi-optical axis photoelectric 

20 sensor 1, each of a light projecting unit and a light 
receiving unit has the same configuration. Thus, the 
multi-optical axis photoelectric sensor 1 will be 
explained in relation to each of the light projecting unit 
and the light receiving unit. In particular, when 

25 explaining the technical matters relating to the light 

10 



t y 



projecting unit or the light receiving unit, the technical 
matters will be explained with respect to the light 
projecting unit or the light receiving unit. 

The multi-optical axis photoelectric sensor 1 has an 
5 elongated case main body 2 made of aluminum and formed 
by an extrusion mold member. The case main body 2 has 
an almost U-shape in its section which is opened at both 
ends and its front surface (see Fig. 2). The case main 
body is small in its occupation area and slim as compared 

10 with the related-art devices. The opened front surface 
of the case main body 2 constitutes a window 3 (see Fig. 
2) for light projection and light reception which extends 
continuously in the longitudinal direction. 

An end member 4 , which is a mo Id member formed by metal 

15 such Zn alloy or plastics, is attached to each of the ends 
of the case main body 2. A pair of end members 4 and the 
case main body 2 constitute the outer contour of the 
multi-optical axis photoelectric sensor 1. A window for 
projecting and receiving light is formed at the front 

20 surface of each of the end members 4. That is, in the 
multi-optical axis photoelectric sensor 1, the optical 
elements are housed not only within the case main body 
2 but also within the end members 4, whereby the optical 
axes of the multi-optical axis photoelectric sensor 1 are 

25 disposed in a line with the same interval (a pitch of 20 

11 
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mm) from the closed end of one of the end members 4 to 
the closed end of the other of the end members 4. 

A front cover adhered to the front surface of the 
multi-optical axis photoelectric sensor 1 through 
5 adhesive is constituted by a first front cover 5 covering 
the front surface of the case main body 2 and second front 
covers 6 covering the front surfaces of the end members 

4. A transverse member 7 made of metal is attached at 
each of the boundaries between the first front cover 5 

10 and the second front covers 6. The transverse member 7 
pushes the end edges of the first and second front covers 

5 and 6, whereby the first and second front covers 5 and 

6 are made in contact with pressure to the case main body 
2 and the end members 4. 

15 In this manner, the casing of the multi-optical axis 

photoelectric sensor 1 is divided into the three parts 
2, 4, 4 and the front cover is divided into. the three parts 

5, 6, 6 in correspondence therewith. Thus, as compared 
with the multi-optical axis photoelectric sensor 

20 configured by a single front cover, the multi-optical axis 
photoelectric sensor according to the embodiment can make 
the entire length of the front cover shorter, whereby the 
degree of influence due to the difference of thermal 
expansion between the sensor casing (in particular, the 

25 case main body 2) and the front cover can be reduced. 
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The end member 4 has such an outer configuration that 
a part of the front surface side thereof is notched so 
as not to interfere with the optical axis. This partial 
notch forms a notched portion 9 for disposing an external 
connector 8 (see Fig. 3) therein. When the external 
connector 8 is attached, the external connector buries 
the notched portion 9 of the end member 4 and is integrated 
with the end member 4 thereby to form a sectional shape 
common to that of the case main body 2. 

The end member 4 has an insertion port 10 capable of 
receiving the external connector 8 (see Fig. 1). The 
insertion port 10 is opened toward the front surface side 
and an inner connector is disposed so as to face the 
insertion port 10. When the external connector 8 is moved 
toward the rear surface side from the front surface side 
along the optical axis and inserted into the insertion 
port 10, the external connector 8 can be coupled to the 
inner connector. A cable 12 extending from the external 
connector 8 can be extended to the rear surface side of 
the mul ti -opti cal axis photoelectric sensor 1 through a 
notched portion 4a traversing the end member 4 (see Fig. 
3) . 

The cable 12 supplies electric power to the 
multi-optical axis photoelectric sensor 1. Further, as 
shown in Fig. 4, it is possible to couple plural pairs 
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of light projecting units 20 and light receiving units 
30 in parallel or in series by using the cables 12 thereby 
to form a light curtain of a wide range. Since the 
respective adjacent ones of the multi-optical axis 
5 photoelectric sensors 1 (each includes the light 

projecting unit 20 and the light receiving unit 30) are 
coupled by the flexible cables 12 to each other, the bending 
angle between the adjacent multi-optical axis 
photoelectric sensors 1 is arbitrary. In addition, since 

10 the flexible cable 12 extends to the rear surface side 
from the notched portion 4a, in other words, the flexible 
cable 12 does not extend outward in the longitudinal 
direction from the end portion of the multi-optical axis 
photoelectric sensor 1, the multi-optical axis 

15 photoelectric sensors are not interfered by the flexible 
cables 12 at the time of disposing the adjacent 
multi-optical axis photoelectric sensors 1 in a closed 
state . 

The number of the optical elements (the light 
20 projecting elements and the light receiving elements) 
contained within the multi-optical axis photoelectric 
sensor 1 shown in the figure and the distance (pitch) 
between the adjacent optical elements can be set 
arbitrarily. In the example shown in the figures, the 
25 pitch is 20 mm, and the multi-optical axis photoelectric 
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sensor may be provided with 8 optical axes, 12 optical 
axes, 16 optical axes, 20 optical axes or the like, that 
is, up to 64 optical axes with the 64 optical elements 
at the maximum for example, on an arbitrary number of the 
5 optical elements unit basis by providing the case main 
bodies 2 with different sizes. 

As shown in Fig. 5, the basic inner unit 200 of the 
light projecting unit 20 includes light projecting 
elements 201, a main element holder 202 and a light 

10 projecting main board 203. 

As shown in Figs. 6 to 8, each of the light projecting 
elements 201 has such an outer configuration that a part 
of the peripheral surface of the cylindrical shape thereof 
is notched to form a flat surface, and two coupling 

15 terminals 204 are provided at a surface 201b thereof which 
is at the opposite side of a light projecting surface 201a 
thereof for projecting light. 

The main element holder 202 for projecting light is 
a resin mold member having eight light guide housings 205 

20 disposed in a line with the same interval, and a lens plate 
(not shown) is disposed at the front surface thereof. Each 
of the light guide housings 205 is provided at the rear 
end surface thereof with a hole 206 in which the 
corresponding light projecting element 201 is fit and also 

25 provided with a hook 207 to be engaged with a part of the 
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rear end surface of the corresponding light projecting 
element 201. 

As understood from Fig. 5, the light projecting main 
. board 203 has a length substantially the same as that of 
5 the main element holder 202. The light projecting main 
board 203 is disposed so as to oppose totherear end surfaces 
of the light guide housings 205. At the light projecting 
main board 203, eight through holes or notches 208 through 
each of which the two coupling terminals 204 of the 
10 corresponding light projecting element 201 can pass are 
formed in a line with the same interval. 

The light projecting element 201 attached to the 
corresponding one of the light guide housings 205 of the 
main element holder 202 is arranged in a manner that the 
15 two coupling terminals 204 thereof pass. through the though 
holes or notches 208 and protrude from the rear surface 
of the light projectingmainboard 203. As shown in Fig. 7, 
the protrusion ends of the coupling terminals 204 are bent 
and soldered at the circuit of the light projecting main 
20 board 203. 

As shown in Fig. 11, the basic inner unit 300 of the 
light receiving unit 30 includes light receiving elements 
301, a main element holder 302, a light receiving control 
board 303 and a light receiving amplifier board 304. 
25 As shown in Figs . 12 and 13, each of the light receiving 
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elements 301 has a relatively-flat rectangular 
parallelopiped outer configuration and is provided with 
two coupling terminals 305 at an end surface 301b which 
is perpendicular to a light receiving surface 301a. 
5 A light receiving main element holder 302 is a resin 

mold member having eight light guide housings 306 which 
are disposed in a line with the same interval. A lens 
plate (not shown) is disposed at the front surface of the 
main element holder. As understood from Fig. 14, each 

10 of the light guide housings 306 is provided at the rear 
end surface thereof with a hole 307 in which the 
corresponding light receiving element 301 is fit and also 
provided with a pair of retaining members 308 (Figs. 14 
and 15) which engage with the upper end edge and the lower 

15 end edge of the rear end surface of the light receiving 
element 301, respectively. 

As understood from Fig. 11, the light receiving 
control board 303 and the light receiving amplifier board 
304 each having substantially the same length as the main 

20 element holder 302 are disposed to be perpendicular to 
each other. That is, the light receiving control board 
303 is disposed so as to oppose the rear end surfaces of 
the light guide housings 306 and the light receiving 
amplifier board 304 is disposed in parallel to the light 

25 guide housings 306. At the light receiving amplifier 
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board 304, eight notches 309 through each of which the 
two coupling terminals 305 of the corresponding light 
receiving element 301 can pass are formed with the same 
interval along the rear side edge thereof. 
5 Each of the light receiving elements 301 respectively 

attached to the rear end surfaces of the light guide 
housings 306 of the main element holder 302 is arranged 
in a manner that the two coupling terminals 305 thereof 
pass through the notches 309 and protrude from the lower 

10 surface of the light receiving amplifier board 304. As 
shown inFigs . 12andl4, theprotrusionendsofthe coupling 
terminals 305 are bent and soldered at the circuit of the 
light receiving amplifier board 304. 

The multi-optical axis photoelectric sensor 1 can be 

15 provided with a desired number of the optical axes by 
mechanically coupling additional units to the aforesaid 
basic unit . The additional unit is formed by an additional 
element holder and a board. 

Figs. 16 and 17 show an additional element holder 210 

20 for the light projecting unit 20. Fig. 16 is a diagram 
showing the rear surface of the additional element holder 
210. The additional element holder 210 has eight light 
guide housings 205. The structure of each of the light 
guide housings 205 is the same as that of the main element 

25 holder 202. That is, each of the light guide housings 
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205 is provided at the rear end surface thereof with a 
hole in which the corresponding light projecting element 
201 is fit and also provided with a hook 207 to be engaged 
with a part of the rear end surface of the corresponding 
5 light projecting element 201. 

The additional element holder 210 has, at its one end, 
an engagement projection 212 protruding in a direction 
perpendicular to the extending direction (the optical axis 
direction) of the light guide housing 205 and a hook 213, 

10 and further has, at its the other end, a receiving hole 
214 extending in the direction perpendicular to the 
extending direction (the optical axis direction) of the 
light guide housing 205 (see Fig. 17). 

With reference to Fig. 16, two additional element 

15 holders 210A and 210B are prepared. In order to combine 
the one end of the one additional element holder 210A with 
the other end of the other additional element holder 210B, 
the engagement pro j ection 212 of the one additional element 
holder 210A is fit into the receiving hole 214 of the other 

20 additional element holder 210B, whereby the two additional 
element holders 210A and 210B are mechanically coupled. 
Then, when the engagement projection 212 is fit into the 
receiving hole 214, the hook 213 engages with the corner 
portion of the other additional element holder 210B. 

25 Although Figs. 16andl7relatetothelightprojecting 
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unit 20, additional element holders with substantially 
the same structure as those of the light projecting unit 
are prepared for the light receiving unit 30, whereby the 
light receiving unit 30 can also increase the number of 
5 the optical axes on eight optical-axes unit basis by using 
the additional element holders. 

Fig. 18 relates to the light projecting unit 20 and 
shows an example where the additional element holder 210 
is coupled to the main element holder 202 thereby to 

10 constitute the sixteen optical axes. The main element 
holder 202 is provided at the one end portion thereof with 
the receiving hole 214. When the additional element 
holder 210 is moved in a direction substantially 
perpendicular to the arrangement direction of the optical 

15 axis relative to the main element holder 202, the 

engagement projection212 of theadditional el ement holder 
210 . is inserted into the receiving hole 214 of the main 
element holder 2 02 . Thus, when the engagement projection 
212 is fit into the receiving hole 214, the hook 213 of 

20 the additional element holder 210 engages with the end 
edge of the main element holder 202, whereby the mechanical 
coupling of the additional element holder 210 with respect 
to the main element holder 202 is completed. The light 
receiving unit 30 can be arranged in the same manner. 

25 As most understood from Fig. 18, in the aforesaid 
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coupling structure, the main element holder 202 and the 
additional element holder 210 are coupled to each other 
by performing the fitting operation between the engagement 
projection 212 and the receiving hole 214. They can be 
5 engaged and disengaged by relatively moving them in the 
direction perpendicular to the arrangement direction of 
the optical axes. This constitutes a positioning means 
which can easily and correctly secure them in accordance 
with the design to maintain the pitch between the adjacent 

10 optical axes of the main element holder 202 and the 

additional element holder 210. Further, the engagement 
between the hook 213 and the holder end edge can constitute 
a positioning means for coinciding the optical axis 
arrangement axis line of the main element holder 202 with 

15 the optical axis arrangement axis line of the additional 
element holder 210. 

The aforesaid matter is not limited to the light 
projecting unit 20 and can also be applied to the light 
receiving unit 30, and to the coupling between the 

20 additional element holders 210. 

In this manner, as to the fixing between the main 
element holder and the additional element holder and the 
fixing between the additional element holders within the 
light projecting unit 20 and the light receiving unit 30, 

25 the. relative positioning can be performed in a matched 

21 



state in the arrangement direction of the optical axis 
through the mechanical fitting between the engagement 
projection 212 and the receiving hole 214 and the 
mechanical fitting between the end edge of the holder and 
5 the hook 213, whereby the pitch between the optical axes 
can be kept constant. 

Fig. 19 relates to the light projecting unit 20 and 
shows a light projecting additional board 2 30 constituting 
an additional unit together with the additional element 

10 holder 210. Like the light projecting main board 203, 
the light projecting additional board 230 is formed with 
eight through holes or notches 208 through each of which 
the two coupling terminals 204 of the corresponding light 
projecting element 201 can pass are formed in a line with 

15 the same interval so as to oppose to the rear end surface 
of the light guide housings 205 of the additional element 
holder 210. That is, the light projecting additional 
board 230 is disposed in series with the light projecting 
main board 203 . 

20 The light projecting element 201 attached to each of 

the light guide housings 205 of the additional element 
holder 210 is arranged in a manner that the two coupling 
terminals 204 thereof pass through the though holes or 
notches 208 and protrude from the rear surface of the light 

25 projecting additional board 230. Like the case of the 
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light projecting main board 203, the protrusion ends of 
the coupling terminals 204 are bent and soldered at the 
circuit of the light projecting additional board 230. 

The light projecting additional board 230 is provided 
5 at its one end with a right angle connector 232 and also 
formed at its the other end with a receiving hole 233 for 
receiving the right angle connector 232 therein. The 
receiving hole 233 is also provided at the one end of the 
light projecting main board 203. When the right angle 

10 connector 232 of the light projecting additional board 
230 is inserted into the receiving hole 233 of the light 
pro j ec ting main board 2 03, the light pro j ec ting additional 
board 230 is electrically coupled to the light projecting 
main board 203. Further, the electric coupling among the 

15 plural light projecting additional boards 230 can also 
be performed in the similar manner. 

Fig. 20 relates to the light receiving unit 30 and 
shows a light receiving additional board 330 constituting 
an additional unit together with the additional element 

20 holder. Like the light receiving amplifier board 304, 
the light receiving additional board 330 is formed with 
eight notches 309 through each of which the two coupling 
terminals 305 of the corresponding light receiving element 
301 can pass are formed in a line with the same interval 

25 so as to be in parallel to the light guide housings of 



the additional element holder. That is, the light 
receiving additional board 330 is disposed in series with 
the light receiving amplifier board 304. 

The light receiving element 301 attached to each of 
5 the light guide housings of the light receiving additional 
element holder is arranged in a manner that the two coupling 
terminals 305 thereof pass through the notches 309 and 
protrude from the rear surface of the light receiving 
additional board 330. Like the case of the light receiving 

10 amplifier board 304 , the protrusion ends of the coupling 
terminals 305 are bent and soldered at the circuit of the 
light receiving additional board 330. 

The light receiving additional board 330 is provided 
at its one end with a first board coupling connector 332 

15 and also provided at its the other end with a second board 
coupling connector 333 disposed in a direction 
perpendicular to the first board coupling connector 332. 
The second board coupling connector 333 is also provided 
at the one end of the light receiving amplifier board 304. 

20 The light receiving additional board 330 is electrically 
coupled to the light receiving amplifier board 304 in a 
manner that, by using a relay board 338 provided with two 
relay connectors 336 and 337 disposed perpendicularly to 
each other, the relay connector 336 of the relay board 

25 338 is mechanically coupled to the second board coupling 
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connector 333 of the light receiving amplifier board 304 
and the relay connector 337 is mechanically coupled to 
the first board coupling connector 332 of the light 
receiving additional board 330. The electrical coupling 
5 between the plural light receiving additional boards 330 
can be performed in the similar manner. 

The light receiving control board 303 disposed so as 
to oppose the rear end surface of the light guide housings 
306 of the main element holder 302 is coupled to the light 

10- receiving amplifier board 304 disposed in parallel to the 
light guide housings 306 by inserting two right angle 
connectors 340 provided separately at the side edge of 
the light receiving amplifier board 304 into the receiving 
holes 341 of the light receiving control board 303. 

15 As understood from the drawings, each of the boards 

201, 203, 230, 303, 304 and 330 of the light projecting 
unit 20 and the light receiving unit 30 is provided with 
the notches at the side edge thereof and so is fixed to 
the element holder in the positioned state by using the 

20 notches and the hook 15 of the element holder. 

Fig. 21 is a diagram showing the circuit configuration 
of the light projecting unit 20 and the light receiving 
unit 30 in which two additional units are incorporated. 
The light projecting unit 20 includes, on the light 

25 projecting main board 203, a light projecting unit 



communication control circuit 250, a light projecting 
element control circuit 251, N (eight) light projecting 
circuits 252, and an optical-axis switching circuit 253. 
The light projecting element control circuit 251 generates 
5 timings for sequentially projecting light from the light 
projecting elements 201 contained in the light projecting 
unit 20 in accordance with a clock signal from a clock 
signal generation circuit, for example. The N (eight) 
light pro j ecting circuits 2 52 drive , for example, the eight 

10 light projecting elements 201 incorporated within the 
light projecting main board 203. The optical-axis 
switching circuit 253 scans these light projecting 
circuits 252 in a time division manner. 

The light projecting additional board 230 of the light 

15 projecting unit 20 includes, for example, the N (eight) 
light projecting circuits 252 for driving, for example, 
the eight light projecting elements 201 incorporated 
within the light projecting additional board 230, and the 
optical-axis switching circuit 253 for scanning these 

20 light projecting circuits 252 in a time division manner. 

On the other hand, the light receiving unit 30 includes, 
on the light receiving control board 303, a light receiving 
unit communication control circuit 350, a light receiving 
element control circuit 351, a received signal amplifier 

25 circuit 352 , and an output control circuit 353. The light 

26 



receiving unit communication control circuit 350 performs 
the communication between the light projecting unit 20 
and the other light receiving unit 30 coupled thereto. 
The light receiving element control circuit 351 
5 sequentially activates the light receiving elements 301 
contained within the light receiving unit 30. The 
received signal amplifier circuit 352 amplifies a received 
light signal. The output control circuit 353 processes 
a signal amplified by the received signal amplifier circuit 

10 352 and inputted into the light receiving element control 
circuit 351 to thereby determine whether light is shielded 
or not and outputs a determination result to the outside. 

The light receiving amplifier board 304 and the light 
receiving additional board 330 of the light receiving unit 

15 30include, for example, N (eight) li ght receiving ci rcuits 
355, and a light receiving switching circuit 356. The 
N (eight) light receiving circuits 355 drive, for example, 
the eight light receiving elements 301 incorporated within 
the light receiving amplifier board 304 and perform the 

20 primary amplifying. The light receiving switching 

circuit 356 scans these light receiving circuits 355 in 
a time division manner. 

As will be understood by those skilled in the art, 
a circuit directly related to the light receiving elements 

25 301 is incorporated within the light receiving amplifier 



board 304 in which the light receiving elements 301 are 
incorporated. On the other hand, in the light receiving 
control board 303, an output circuit for entire control 
of the light receiving unit 30 and occupying the relatively 
5 large area and a circuit related to the communication with 
the outside are incorporated. In this manner, since such 
a reasonable board configuration which is classified 
functionally is employed, the connectors for electrically 
coupling the light receiving control board 303 and the 

10 light receiving amplifier board 304 can be made minimum. 
In other words, if all of the aforesaid circuits are 
incorporated within the single board, this single board 
would be inevitably large and so the outer size of the 
light receiving unit 30 would also be inevitably large. 

15 First and second connectors 50, 51 are disposed at 

the positions facing on the insertion ports 10 (Fig. 1) 
for receiving the external connectors 8 at the end members 
4 disposed at both ends of the multi-optical axis 
photoelectric sensor 1 (see Fig. 22), respectively. For 

20 example, as to the light projecting unit 20, the first 
and second connectors 50, 51 are disposed at both end 
portions of the light projecting main board 203, 
respectively. As to the light receiving unit 30, the first 
and second connectors 50, 51 are disposed at both end 

25 portions of the light receiving control board 303, 
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respectively. Concerning the light projecting unit 20, 
the first and second connectors 50, 51 are fixed at 
box-shaped portions 215 (see Fig. 18) positioned at both 
end portions of the main element holder 202, respectively. 
5 When the multi-optical axis photoelectric sensor 1 

incorporates the additional unit therein, the disposing 
position of the second connector 51 is shifted to the 
substantially end portion of the multi-optical axis 
photoelectric sensor 1 by using an extension harness 53. 
10 That is, a relay connector 54 to be coupled to the second 
connector 51 is provided at the one end of the extension 
harness 53, and an alternative connector 51a is provided 
at the other end of the extension harness 53. The extension 
harness 53 is electrically shielded, preferably. The 
15 alternative connector 51a serves to fix a supporting board 
55 to the box-shaped portion 215 (see Fig. 18) positioned 
at the end portion of the additional element holder which 
is disposed at the most end portion. 

The multi-optical axis photoelectric sensor 1 is 
20 supplied with electric power by using an external cable 
12. A synchronous signal and an optical axis state signal 
are inputted and outputted between the light projecting 
units 20, between the light receiving units 30 and also 
between the light projecting unit 20 and the light 
25 receiving unit 30 . The synchronous signal and the optical 



axis state signal are processed at the light projecting 
main board 203 in the light projecting unit 20 and also 
processed at the light receiving control board 303 in the 
light receiving unit 30. Thus, it is efficient to bypass 
5 the additional board by using the extension harness 53. 
In other words, if the signals are sent to the alternative 
connector 51a by using the additional board without using 
the extension harness 53, the number of the pins of the 
connectors increases. Further, it becomes necessary to 

10 electrically shield a signal line and so an additional 
area for the signal line is required at the board. 

Although the preferred embodiment of the invention 
has been explained, the pitch between the outermost ends 
of the main element holder and the additional element 

15 holder and the optical element adjacent thereto may be 
set to be equal to or smaller than the pitch of the optical 
elements positioned at the center of each of the main 
element holder and the additional element holder contained 
in the multi-optical axis photoelectric sensor 1. 

20 Further, the coupling between the main element holder 

and the additional element holder and/or the coupling 
between the additional element holders may be performed 
in a manner as shown in Fig. 23 so that engagement recess 
portions 60 are provided at one end of the main element 

25 holder or the additional element holder and fingers 61 
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are provided at the other end thereof, then the holders 
are moved to each other in the arrangement direction of 
the optical axes (the optical axis arrangement direction) 
to engage the retaining members 61a of the fingers 61 with 
the engagement recess portions 60 to thereby mechanically 
couple the holders to each other. 

Even when employing the structure that the two holders 
are mechanically coupled to each other by relatively moving 
the holders in the optical axis arrangement direction, 
such a positioning means can be configured that can secure 
the pitch between the optical axes of the adjacent holders 
correctly in accordance with the design by abutting the 
end surfaces of the adjacent holders to each other. 
Further, such a positioning means can be configured that 
can coincide the optical axis arrangement shaft lines of 
the adjacent holders to each other by grasping the side 
surfaces of the holder by means of the side surfaces of 
the fingers 61, for example. 

Further, although in the aforesaid embodiment, each 
of the basic unit and the additional unit is configured 
on eight optical axes unit basis, it may be configured 
on four optical axes unit basis. 
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